Influence of the incorporation of triclosan methacrylate on the physical properties and antibacterial activity of resin composite
Introduction
Secondary caries are the most common reason for replacing dental restorations, presumably related to biofilm formation on and within gaps at the restoration margins, 1 in this way, antibacterial properties of restorative materials are of major clinical importance and would allow dental tissue preparation, positively influencing the treatment outcome, especially for high caries-risk patients. 2 To reduce the proliferation of microorganisms on the tooth-composite interface and around dental restorations, various chemical compounds have been added to the materials composition. 3, 4 Restorative resin-composites, due to surface roughness and residual monomers release after polymerization, 5 favor bacterial colonization much more than other dental materials, such as amalgam, ceramics, gold alloys, or glass ionomer cements. 6 Additionally, bacteria present in the biofilm also induces further microorganism adhesion to composite filling, 7 leading to surface softening and increase roughness of the composite.
Sing, et al. 8 (2013) and das Neves, et al. 9 (2014) evaluated the incorporation of antibacterial agents, such as chlorhexidine and silver nanoparticles in the organic matrix of resin-composites. For these compounds, antibacterial activity was effective, however it occurred though the release of antibacterial agents. 8, 9 The release of this agents can be toxic or harm the mechanical properties of the restorative material. 10 Triclosan (2,4,4'-trichloro-2'-hydroxydiphenyl ether) is an antibiotic widely used in oral hygiene products, such as mouthwash and toothpaste, due to its safe profile and broad spectrum of activity. 11 Toxicologycal studies showed that triclosan and its metabolites are well tolerated by human beings. 12, 13 De Salva, et al. 13 (1989) showed that triclosan is not a mutagen, carcinogen, or teratogen agent and is safe in reproductive studies. 13 Triclosan has been incorporated into restorative material in powder form, although antibacterial activity was observed, the incorporation caused further degradation of the restorative material because it was leached. 14, 15 In this way, the incorporation of a triclosan-based monomer into the resin matrix of composites would be more appropriate, since it can reduce bacterial adhesion by contact on the restoration surface without reducing mechanical properties over time, which can improve the long-term performance of the restorative material.
Also, we should consider that, in addition to the chemical challenges due to acids from the biofilm fermentation process, restorative materials are also constantly subject to mechanical challenges in the oral cavity. 16 Daily toothbrushing of the already damaged surface causes gradual loss of the softened material (matrix and filler), leading to color change, contour loss, and increase roughness of the restoration surface again, influencing its aesthetic and clinical longevity. 17
For resin-composites, hydrolysis can negatively affect physical and mechanical properties, what is particularly important for restorative dental composites, since they are always exposed to the water present in the oral environment. 18, 19 The chemical resistance of these materials is related to the quality of polymerization and to the chemical characteristics of the monomers present in the resin matrix. 20 In this way, the evaluation of sorption and solubility is very important, since these phenomenon are related to hydrolytic degradation of resin materials and may serve as precursors to a variety of chemical and physical processes, such as swelling, plasticization, oxidation and hydrolysis. 19, 20 In this context, the incorporation of a triclosanbased monomer into the resin matrix for dental composites would be very interesting, as long as it reduced biofilm formation without altering the properties of the material, which can improve the longterm performance of the restorative material in the oral cavity. Thus, the aim of this study is to evaluate the bacterial adhesion and physical properties of a composite containing the monomer based on triclosan methacrylate. All the specimens were sterilized with ultraviolet light for 20 minutes. The specimens were kept in static culture medium containing 1% sucrose for 1, 5 and 10 days (37°C/10% CO 2 ). The medium was renewed every 24-hours. Next, the specimens were washed for 5 minutes in RTF solution to remove the non-adhered bacteria. The bacterial suspensions obtained were serially diluted in MSA. 21 The purity of the cultures in the media was verified every day using Gram staining and plating samples. For the adhesion assay three independent experiments were performed in triplicate.
Methodology

Formulation of the composites
The data were transformed into Log 10 and submitted to two-way ANOVA (α=0.01), considering material (2 levels: C and TM) and time (3 levels: 1 day, 5 days and 10 days), using Bioestat 5.0. Means were compared by the Tukey's test.
Simulated toothbrusing
Ten specimens of each composite (5-mm diameter × 2-mm thick) were prepared in plastic molds, covered with a transparent polyester strip and photocured for 40 s. All specimens were maintained in the dark at 100% relative humidity and at 37°C for 24 hours. Table 1 
Results
Discussion
Biofilm growth around restorations causes pH decrease and consequently a recurrent process of demineralization. 4 In order to reduce restoration failing, antibacterial agents have been added to dental materials. [7] [8] [9] Triclosan has been incorporated into different polymers with wide degrees of success. 24 In this study, it was observed that the composite containing triclosan-methacrylate had inhibitory effects on bacterial adhesion in all evaluated times.
Triclosan was thought to reduce bacterial growth and polymer adherence directly from the polymer surface. 24 This bacterial adhesion inhibition can be explained by the triclosan molecular mechanical agitation on weak bacterial membranes. Further, bacterial inhibition includes possible membrane structural bond rotation entanglements with secondary bonding defects. Both forms of bacterial inhibition can be disruptive, particularly during the growth log phase, when actively dividing cells require correct membrane fluidity. 15 Also, secondary bonding between bacteria and polymer was interrupted by triclosan vibrational fluctuating mechanomolecular bond rotations as a possible mechanism to prevent microbial surface attachments. 15, 24 Despite the details of the mechanism of action of triclosan-methacrylate monomer remains undetermined, it is possible that it takes place by contact, considering that the element chlorine (Cl), a constituent of the triclosan molecule, is fixed in the polymer network after curing. Due to the presence of Cl, the immobilized agent may induce inactivation of glucosyl transferase in bacteria reducing plaque growth. 25 Brecx, et al. 25 (1983) demonstrated that plaque growth is the result of the proliferation of bacteria Means followed by different uppercase letters in the same column and lowercase in the same row indicate significant differences for composites (p<0.05) In this study, both groups showed increased surface roughness after brushing. The brushing simulator was used to demonstrate wear behavior, resulting in wear of the organic matrix and of the filler particles, which were exposed and protruded, 29 increasing the surface roughness values. In addition, the formulation of the composite also affects its surface roughness. 30 The monomer TEGDMA is somewhat hydrophilic when compared to BisGMA and its presence in the formulation of resin composites has been associated with increased water sorption 31 and consequently with the material degradation, which was accelerated by brushing. Still, similar values of roughness were observed for both groups before and after abrasion,
showing that the incorporation of the TM did not affect the surface smoothness of the material against mechanical wear.
The hardness of resin composites depends on the filler type and content, and it has been suggested to correlate with other mechanical properties, such as abrasion resistance. 29 In this study, similar hardness values were observed for both groups before and after abrasion. The same filler type and content (50 wt%) may have contributed to similar hardness values between control and TM groups. Before abrasion, both groups presented lower KHN than after. It is possible that the polyester strip and microscope slide load on the composite during specimen preparation lead inorganic fillers to concentrate at the center of the composite disc. 32 Therefore, the resin monomer would emerge to the top region and would lead to lower KNH in the surface of the specimens. After abrasion, both groups showed increased hardness, due to the removal of this resin-rich superficial layer. Abrasion commonly takes place through a gradual removal of the softened organic material. 33 It is suggested that this removal may lead to the exposure of particles, which may be responsible for the increase in the material hardness.
The properties of the resin composites are also influenced by the water present in the oral environment 34 due to water sorption. Water causes hydrolysis, which may cause swelling and degradation of the organic matrix in resin composites. 35 It occurs because hydrogen bonds are formed between water and polar groups present in polymers, such as hydroxyl and carbonyl, disrupting entanglements and secondary bonding between polymer chains. 23 In this context, water acts like a solvent, leading to plasticization, changing the polymer molecular structure and increasing the mobility of polymer chain segments. 19, 34 Also, when polymers are immersed in water, some of the components, such as unreacted monomers, are dissolved and released. 33 In this way, it was a concern that the incorporation of the TM monomer could increase the water sorption/solubility. According to Inagaki, et al. 23 (2016), the chemical characteristics of monomers have more influence on the behavior of the materials than on the antimicrobial additive.
Providentially, in this study, water sorption and solubility of the materials were not affected by TM presence Regarding the diametral tensile strength, similar results were found for Control and TM groups, reinforcing that the incorporation of TM does not negatively affect the mechanical properties of the material and that the antibacterial monomer reacted properly with the other monomers of the composite. The immobilization of TM into the resin matrix promotes higher durability and increases the antibacterial capability of the material, without jeopardizing the mechanical properties. 15 Other study 36 evaluated the mechanical properties of a novel furanone-containing antibacterial resin composite and showed that the modified resin composite might be a clinically attractive dental restorative due to its high mechanical strength.
The composite containing the new antibacterial monomer showed satisfactory results since it reduced biofilm accumulation over days and maintained the physic-mechanical properties, suggesting the future possibility of using the TM antimicrobial monomer for clinical application.
Conclusion
Within the limitation of this in vitro study, the results showed that the incorporation of triclosan-methacrylate to resin composites was able to reduce bacterial adhesion of S. mutans and decrease the formation of bacterial biofilm over 10 days. The incorporation of triclosan methacrylate did not significantly affect the surface hardness and roughness, before and after brushing, of the experimental composite.
Sorption, solubility and diametral tensile strength of the material were maintained, being promising as a dental resin with intrinsic antibacterial action and suitable properties.
